We synthesized both the V 2 O 5 xerogel and the composite V 2 O 5 xerogel/C starting from the solution of V 2 O 5 in hydrogen peroxide. After the characterization by XRD, thermal (TGA-DTA), SEM methods and by particle size analysis, the investigation of Li + and Mg 2+ intercalation/deintercalation reactions in an aqueous solutions of LiNO 3 and Mg(NO 3 ) 2 were performed by cyclic voltammetry. The composite material V 2 O 5 xerogel/C displayed relatively high intercalation capacity, amounting to 123 mA h g −1 and 107 mA h g −1 , in lithium and magnesium salt solutions, respectively.
Introduction
The crystalline materials of layered structure, such as LiCoO 2 , LiMn 2 O 4 , V 2 O 5 , Li 1+x V 3 O 8 , known as capable of formation of intercalate compound with lithium, were frequently used as electrode materials in Li-ion batteries. Many literature reports about the Li-intercalation reactions relate preferably to the non-aqueous solutions. Quite recently, several studies appeared aimed to the intercalation in aqueous solutions [1] [2] [3] [4] . A magnesium-ion rechargeable battery might be very attractive, too. For instance, some authors reported that vanadium bronzes [5, 6] , graphite fluorides [7] and transition metals oxides [6, 8, 9 ] may intercalate magnesium, and thus they may be considered as electrode materials for secondary Mg--ion batteries. However, on the present level of knowledge, such a type of battery suffers of two unresolved problems, the first one being the passivation of metallic magnesium if used as anode in commonly used organic electrolytes, and the second one being low capacity utilization during the Mg-intercalation process [10, 11] .
Crystalline V 2 O 5 is capable of electrochemical intercalation of Li + and Mg 2+ ions in organic electrolytes, with relatively fair cycling performance [6, 8, 12] . The amorphous, hydrated form of vanadium pentoxide (V 2 O 5 nH 2 O), has a higher intercalation capacity than its crystalline form, and this was explained by the fact that water molecules expend the interlayer distance of this compound [13] . Under cathodic polarization, the V 2 O 5 nH 2 O xerogel can insert up to three Li atoms, while orthorhom- * corresponding author; e-mail: ivana@ffh.bg.ac.rs bic V 2 O 5 can insert only one Li ion [13] . Xerogel V 2 O 5 nH 2 O can be prepared by the dissolution of V 2 O 5 in an aqueous hydrogen peroxide solution [14, 15] following by solvent evaporation. By an analogous procedure enlarged by addition of acetylene black, composite V 2 O 5 /C can be synthesised. There exist the literature data that in organic electrolyte solutions, both lithium and manganese ions may be reversibly intercalated into V 2 O 5 /C composite at an acceptably high rate [11, 16, 17] . However, similar examinations in aqueous solutions were not published thus far.
In the present work, we synthesized both pure V 2 O 5 xerogel and its composite with carbon black, starting from the aqueous solution of V 2 O 5 in hydrogen peroxide. The intercalation reactions of Li + and Mg 2+ ions in these materials were studied in aqueous solutions of LiNO 3 and Mg(NO 3 ) 2 by means of cyclic voltammetry.
Experimental

Sample preparation
A Merck p.a. crystalline V 2 O 5 (1 g) was added to 100 ml of 10% H 2 O 2 solution in a glass vessel. In a short time, V 2 O 5 was completely dissolved yielding the clear yellow solution. To one half of this solution, carbon black (Vulcan R , Cabot Corp., particle diameter about 30 nm) was added in an amount of 10 wt.% relative to V 2 O 5 . This suspension was then stirred in a glass vessel by a magnetic stirrer for 24 h. After several days spent in free air at room temperature, the majority of the solvent evaporated from both solutions, leaving the powdered precursors. In order to finalize the active electrode (837) materials, the simple V 2 O 5 xerogel and the V 2 O 5 /C xerogel composite, these precursors were additionally dried at 200
• C for one hour.
Methods of sample characterization
The morphology of the samples was observed by the scanning electron microscope (SEM) JEOL JSM-6460 LV. The particle size distribution was determined by means of the particle size analyzer Mastersizer 2000, Malvern Instruments.
Simultaneous thermogravimetry/differential thermal analysis (TGA/DTA) in the temperature range 25 to 550
• C was carried out in the air atmosphere, at a heating rate of 10
−1 using the thermobalance TA SDT, Model 2960.
The X-ray diffractometry on powder (XRPD) was carried out in a transmission mode, using the Bruker D8 Advance diffractometer and the CuKα 1,2 radiations source. For fast structure analysis, the 10-70
• 2θ range was used, with the 0.05
• step, and two seconds exposition time.
Electrode preparation and electrochemical measurements
The samples of active electrode materials, synthesized as described in the Sect. 2.1, were used to compose the working electrodes aimed for electrochemical investigations. The working electrodes were prepared in the following way: 60 wt.% of the active powder, 30 wt.% carbon black and 10 wt.% of poly (vinylidene fluoride) (PVDF) binder were added together to a N -methyl-2--pyrrolidone solvent. This slurry was homogenised for 1 h in an ultrasonic bath, and one drop was taken and spread over a glassy carbon stick, which was then heated under vacuum at 140
• C for about 4 h to evaporate solvent. Apart of working electrode, a classical three-electrode cell arrangement involved also wide platinum foil as a counter electrode, and a saturated calomel electrode (SCE) as a reference electrode. The aqueous LiNO 3 and Mg(NO 3 ) 2 solutions (the last one being purchased in a form of hexahydrate) were used as electrolytes. The cell was connected to a potentiostat/galvanostat Gamry PCI4/300. The cyclovoltammograms were recorded at a scan rate of 10 mV s −1 . The potential limits used for cyclic voltammetry were −1 V and +1 V with respect to (SCE), dictated by the onset of evolution of hydrogen and oxygen, respectively. The coulombic capacity was calculated on the basis of the surface under the voltammetric curves.
Results and discussion
Structure and morphology
The precursors obtained by spontaneous drying of both V 2 O 5 + H 2 O 2 and V 2 O 5 + H 2 O 2 + C solutions at a room temperature were subjected to TGA in order to determine the percentage of residual water. The heating up to 200
• C, as Fig. 1 shows, causes the deliberation of roughly 13 wt.% of water, which corresponds to 1.6 The products obtained upon drying at 200
• C, both pure and composite xerogel samples, retained an amorphous structure, as evidenced by the X-ray diffractograms shown in Fig. 2a and b . An analogous amorphous structure was evidenced by Wang et al. [13] [18] . This stage of material we call xerogel, since such a term was already used elsewhere [13, 19, 20] .
The TGA curve of pure V 2 O 5 xerogel shows the termination of any mass loss for temperatures higher than 327
• C. The XRD analysis of a pure xerogel sample heated previously to 330
• C (Fig. 2c) evidenced the crystalline structure, corresponding to V 2 O 5 of orthogonal symmetry (JCPDS card No 41-1426) [13] . In the case of composite sample, the combustion of carbon, which started somewhat above 327
• C, caused that the mass of the sample became temperature independent just beyond 450
• C. However, in analogy to the pure xerogel sample, for a composite sample, we may account with the amorphous-to-crystalline transition at 327
• C, too. The SEM images of the samples are presented in Fig. 3 . Both sample types show flaky appearance, with smaller flakes for the composite sample. The particle size distribution was determined in an isopropanol suspension, according to the manufacturer's manual. The particle diameter of pure V 2 O 5 xerogel is centered around 540 nm. The particle diameter of composite V 2 O 5 xerogel/C sample show narrower distribution around the mean value of 400 nm. The particles bearing the majority of the volume of the sample are centered around to 5 and 12 µm for pure and composite xerogel sample, respectively. This analysis indicated the structureless V 2 O 5 flakes, in which, for the composite case, very fine C particles (invisible at the actual magnification) are embedded.
Electrochemical properties
The electrochemical performance of the samples was tested in saturated aqueous solutions of both LiNO 3 and Mg(NO 3 ) 2 , by cyclic voltammetry method. The series of cyclovoltammograms recorded at a common scan rate was 10 mV s −1 is presented in Fig. 4 The coulombic capacities were calculated from the surfaces of the cathodic and anodic parts of the cyclovoltammograms. In the Li-salt solution, the pure xerogel V 2 O 5 , with the coulombic capacity of 50 mA h g −1 , offered no any advantage in relation to crystalline V 2 O 5 which, according to our previous study [21] [17] , which was achieved during the evaporation of V 2 O 5 solution in the presence of carbon black.
Conclusions
The V 2 O 5 xerogel and the V 2 O 5 xerogel/C composite were obtained by dissolution of crystalline V 2 O 5 in 10 wt.% H 2 O 2 and water evaporation at room temperature, in both the absence and the presence of 10 wt.% of carbon black. After drying at 200
• C, both these materials were used to made electrodes, which were examined by cyclic voltammetry in aqueous the solutions of lithium and magnesium nitrates. The intercalation/deintercalation reactions, involving Li and Mg ions, enabled the coulombic capacity, amounting to 123 mA h g −1 and 107 mA h g −1 in LiNO 3 and Mg(NO 3 ) 2 aqueous solutions, respectively, for V 2 O 5 xerogel/C composite, which is acceptable from the viewpoint of commercial use. Simple V 2 O 5 xerogel did not display so high capacity, and this fact was explained in view of the quality of electrical contact achieved during the production of the electrode material.
